Abstract. Eleven treatments in 1999 and thirteen treatments in 2000 containing sin gle or combined nonconventional additives from eight manufacturers were compared with an untreated check for their effect on onion (Al li um cepa L.) yield and quality, and for their economic efficiency. The nonconventional additives were tested at com mer cial rates us ing the methods of ap pli ca tion provided by the manufacturers. The products were applied to soil, foliage, or both. The treatments, including the check, were incorporated into standard cul tur al prac tic es for onions. All treatments (with ex cep tion of an organic fertilizer treat ment), in clud ing the check, were fertilized based on soil tests. In both years, none of the prod ucts evaluated significantly increased on ion yield or quality compared to the un treat ed check. The organic fertilizer treat ment, tested in 1999 only, resulted in sig nificant ly lower onion yield and size compared to the check. At the application rates used in this study, most of the products supplied plant nutrients or humic acid in amounts insufficient to expect im prove ments in crop production.
in con sis tent. Application of cytokinin or its syn thet ic analog, kinetin, resulted in in creas es in yield of grape (Vitis vinifera L.) (Reynolds et al., 1992) , kiwi fruit (Actinidia deliciosa (A Chev)] (Antognozzi et al., 1993) , and alfalfa (Medicago sativa L.) (Tomkins and Hall, 1991) . Application of a synthetic cy to ki nin to pear resulted in in creas es in fruit size and yield (Flaishman et al., 2001) . The per cent age of marketable short-day on ions after 4.5 months of storage was increased in one out of two years by a product containing cytokinin ap plied as a transplant dip and foliar spray (Boyhan et al., 2001) . Cytokin increased cot ton lint yield by 11% and 6% compared to an untreated check, in only two out of seven years (Oosterhuis and Robertson, 2000) . Oth er stud ies show no ben e fit from cytokinin use. Hedin and McCarty (1994) found no cotton yield increases from cytokinin application. Cy to ki nin applied to flowering narrow-leafed lupin (Luninue angustifolius L.) did not increase seed yield (Ma et al., 1998) .
The growth promoting effects of marine algae extracts have been attributed to plant hormones including cytokinin (Abetz, 1980) . Field test results applying extracts from ma rine algae on crops have been inconsistent. Eris et al. (1995) found that pepper (Capsicum annum L.) fruit yield was increased by foliar applications of a Nor we gian kelp (Ascophyllum nodosum L.) con cen trate. Taylor et al. (1990) found no effect of a commercial marine algae extract on barley yield. Likewise two commercial marine algae extracts, tested in 32 field trials over three years, did not increase wheat (Triticum aestivum L.) yield when ap plied as either seed or foliar treatments (Miers and Perry, 1986) .
The Idaho-Eastern Oregon Onion Commit tee requested that the Malheur Experiment Station test nonconventional additives be cause onion growers were investing money in these products without knowledge of their ef fec tive ness. The objective of this study was to test the most commonly marketed nonconventional additives for onion production in the Treasure Valley of eastern Oregon and southwestern Idaho at commercial application rates and methods. The products tested can be included in the following descriptive cat e go ries: humic acid, Norwegian kelp concentrate, biological inoculant with N-fixing bacteria, plant growth regulators (cytokinin and am mo ni um zinc ac e tate), organic fertilizer, and min er al nutrient solutions.
Materials and Methods
The trials were conducted in 1999 and 2000 at the Malheur Experiment Station on Owyhee silt loam (coarse-silty, mixed, mesic, Xerollic Camborthids). The fields had previously been planted to wheat. Before plowing in Fall 1998, nitrogen (N) A nonconventional additive can be de fined as 1) any nonfertilizer material applied to soil or plants claiming to improve crop pro duc tion; or 2) a guaranteed fertilizer ma te ri al which is used in an unconventional man ner, such as very small amounts (Kephart, 1993) . A total of 466 nonconventional ad di tives were being marketed in the United States in 1992 (Kephart, 1993) . There was no pub lished re search on over 50% of these products.
Humus or soil organic matter, can be de fined as the fairly stable amorphous brown to black material bearing no trace of the an a tom i cal structure of the material from which it was derived (Russell, 1973) . It is well established that humus favorably affects soil physical, chemical and biological properties. Sep ara tion of humus from the soil for an a lyt i cal purposes is done by extraction with so di um hydroxide. Further extraction with acid will separate humic acids. Commercial hu mic acids are extracted from coal, most com mon ly leonardite. Humic acid is one of the most common types of nonconventional ad di tive. While humic acids have been shown to in crease plant growth in nutrient cultures (Chen and Aviad 1990) , field research is scarce and the results are inconsistent. Humic acids in creased yield of cotton (Gossypium hirsutum L.) and tomato (Lycoperscion esculentum Mill.) when both soil and foliar applied (Brownell et al., 1987) , and improved stands and root weight when applied as a seed coat to carrots (Daucus carota L.) (Sanders, et al., 1990) . The percent age of marketable short-day onions after 4.5 months of storage was increased in 1 out of 2 years by a humic acid product applied as a transplant dip and foliar spray (Boyhan et al., 2001 ). Soil applied humic acid at 269 kg·ha -1 resulted in a small yield increase of sweet potato [Ipomoea batatas (L.) Poir.] in only 1 out of 3 years (Crawford et al., 1969) . When the humic acid rate was increased to 538 kg·ha -1 , a small yield increase in sweet potato re sult ed all 3 years. Barley (Hordeum vulgare L.) yield was in creased by soil applied humic acid at 50 mg·kg -1 of soil ( 224 kg·ha -1 , Ayuso et al., 1997) . In the study by Ayuso et al., it made no difference whether the humic acid was applied as sew age sludge, compost, leonardite, or a com mer cial product extracted from peat.
Other studies show no benefit of humic acid use. Potato (Solanum tuberosum L.) yield was not increased by soil application of humic acid at a com mer cial rate in six site-years (Rowberry and Collin, 1977) . Potato yield increases from humic acid ap pli ca tions at commercial rates were minimal (Seyedbagheri and Thornton, 1995) . Corn (Zea mays L.) grain yield was not increased by soil applied humic acid up to 560 kg·ha -1 in any of 3 years (Lawless et al., 1984) . Soil applied humic acid did not increase yield or quality of sunflower (Helianthus annuus L.) (Vasudevan et al., 1997) . A commercial hu mic acid extracted from leonardite applied at a high rate (81,805 kg·ha -1 ) significantly in creased soil organic matter, but did not increase citrus tree growth or fruit yield (Nemec and Lee, 1992) .
Cytokinin, a plant growth regulator that stimulates cell division in plants, is another common nonconventional additive. While cytokinins have been used successfully in tis sue culture, results in field tests on crops have been and chloropicrin at 6 kg·ha -1 , and bedded. Soil chemical characteristics, determined from a composite soil sample of the top 30 cm from all check treatment plots taken in mid-May each year, are listed in Table 1 .
Dry surface soil was harrowed off the beds on 16 Mar. 1999 and 6 Apr. 2000. Onion seed (cv. Vision; Petoseed, Payette, Idaho) was plant ed 7 Apr. both years at 378,000 seeds/ha in double rows centered 0.56 m apart on 1.1 m beds. Vision is a hybrid full season Spanish long-day onion with rel a tive ly high yields and a relatively low in ci dence of decomposition in storage (Shock et al., 2000) . The experimental design was a randomized complete block with six rep li cates. Plots were 7 m long and four double rows wide.
The trial was managed to avoid yield re duc tions from weeds, pests, and diseases. Weeds were controlled with three cul ti va tions in 1999 and two in 2000, and with standard commercial herbicide applications as needed until layby. After layby the field was hand weeded as necessary.
The trial was furrow irrigated to maintain soil water potential at 20 cm depth above -20 kPa (Shock et al., 1998) . Soil water potential was monitored by six granular matrix sensors (GMS, Watermark Soil Moisture Sensors model 200SS; Irrometer Co., Riverside, Ca lif.) installed in early June below the onion row at 20 cm depth. Irrigations were ter mi nat ed on 24 Aug. each year.
Companies marketing products locally were invited to participate in the trial. Partic i pat ing companies supplied the treat ment pro to cols (Table 2) . Eight companies entered treatments in 1999 and seven com pa nies en tered treatments in 2000 (Table 2 ). Each treat ment consisted of a single product or combi na tion of products. In 2000, treatments 1, 2, 3, 5, 9, 10, and 12 were the same as in 1999. Treatment 4 in 2000 was the same as in 1999 except that the granular product Agri-Plus was omitted and the liquid product Quan tum-H had the application rate increased to 28 L·ha -1 per application. Treatment 11 in 2000 was the same as in 1999 except that two additional products were applied 3 weeks be fore the onions were undercut. Variation in treatments between years was caused by chang es in par tic i pa tion by the cooperating companies. An untreated check treatment was included each year.
The product application rates and ap plica tion modes varied widely among treatments (Table 2) , as did the nutrient and humic acid contents of the products (Table 3) . Ap pli ca tions in the seed furrow were made in solution just after seed drop at 215 L·ha -1 . Banded pre-plant liquid applications were made using a backpack sprayer at 187 L·ha -1 and 200 kPa. Beds were raked off once before pre-plant banded applications were made. Foliar liquid applications were made using a backpack spray er at 280 L·ha -1 and 200 kPa. Broadcast granular applications were made with a hand-held fertilizer spreader. Sidedressed liquid applications were made to both sides of the bed at 560 L·ha -1 . All sidedressed products were mixed with the N fertilizer (urea-am mo ni um nitrate solution, URAN). In 1999, all treatments, including the check, were sidedressed on 7 June and again on 23 June with N at 112 kg·ha -1 as URAN, except treat ments 6 and 11. Treatment 6 (Humi-Zyme-RX) did not receive any N fertilizer. Humi-Zyme-RX is marketed as a complete organic fer til iz er and was applied at a rate claimed to provide sufficient N to the onions. Treatment 11 (Kozgro) 
Onion production costs were based on data prepared by the Malheur County Extension Service. All onion production costs were the same for all treatments except: 1) the treat ment product retail cost 2) the estimated prod uct application cost and 3) harvest cost which was based on total yield and included loading and hauling, bin rental and storage, and grow er assessments.
In 1999, onion production costs for treatment 6 did not include N fertilizer, and pro duction costs for treatment 11 had N fertilizer cost reduced by 12.5%. The treatment pro duc tion costs were based on the onion pro duc tion cost plus the retail cost and ap pli ca tion cost of the products in each treatment.
Gross economic returns were calculated by crediting each marketable onion class with the average price of onions paid to the grower from the beginning of the marketing season in early August through January. Average prices were calculated for the years 1992 through 2000 from data prepared by the U.S. Dept. of Agriculture, Agricultural Marketing Service, Idaho Falls, Idaho. Prices reflecting ad just ments for packing and shipping costs, in U.S. dollars per Mg averaged over the last 9 years, were: $89.21 for medium grade bulbs, $149.78 for jumbo grade bulbs, and $212.12 for co los sal grade bulbs.
Treatment differences were compared Table 3 . Nonconventional additive nu tri ent and hu mic acid concentration, prod uct specific grav i ty, and total amount ap plied at application rates tested. All con centra tions were supplied by the man u fac tur ers. Nutrients present at con cen tra tions of less than a tenth of a percent were not included. 
Specific Total product
High Yield 15 20 20
All rates in L·ha -1 except for dry products in kg·ha -1 us ing analysis of variance and protected least significant differences (LSD) at the 5% probability lev el, (LSD 0.05 ).
Results and Discussion
In 1999, there was no significant dif fer ence in plant population (data not shown), plant height (data not shown), onion yield and quality, or profit between any of the treatments and the check, except for treatment 9 (Tables 4 and  5 ). Treatment 9 (Humi-Zyme-RX) re sult ed in significantly lower plant height, total yield, marketable yield, colossal onion yield, and profits. The lower productivity of the onions in treatment 9 could have resulted from insufficient N provided by the Humi-Zyme-RX. Humi-Zyme-RX is marketed as a com plete organic fertilizer intended to substitute for conventional fertilizer. Humi-Zyme-RX plots were not fertilized with N and the HumiZyme-RX supplied a total of 42.1 kg·ha In 2000, there were no significant dif fer enc es in plant population, plant height, onion yield and quality, or profit between any of the treatments and the check (Tables 4 and 5) .
With minor exceptions, at the rates tested, the products supplied small amounts of humic acid (Table 6 ). The results for the products containing humic acid agree with Chen and Aviad (1990) who discuss the im prob a bil i ty that commercial humic acids ap plied at man u fac tur ers recommended rates would contain sufficient quantities of the ac tive ingredients to result in improvements in crop production. Chen and Aviad (1990) sug gest a minimum of 75 kg·ha -1 of soil applied humic acid would be necessary for im prove ment in crop pro duc tion, based on con cen tra tions of humic sub stanc es that are reported to be necessary to affect plant growth in growth chambers. Agri-Plus supplied the highest total amount of hu mic acid, 31 kg·ha -1 . The other humic acid containing products supplied sub stan tial ly low er amounts of humic acid. At application rates of 75 kg·ha -1 of humic acid the liquid products would cost (per hectare): $612 for Humaide, $1141 for Quantum-H, and $97 for RSA Humic acid, respectively. The granular Agri-Plus ap plied at 75 kg·ha -1 of humic acid (108 kg·ha -1 of product) would cost $94 per hectare. Agri-Plus ap plied at 108 kg·ha -1 to a soil with 1.5% organic matter and 1.1 bulk density would increase the organic matter content in the top 0.3 m of soil by 0.15%. Of the soil organic matter, 28% to 60% is comprised of humic acids (Russell, 1973) . A hectare of soil 0.3 m deep with 1.5% organic matter and 1.1 bulk density would contain from 13,860 to 29,700 kg·ha -1 of hu mic acid. This indicates the difficulty of sig nifi cant ly increasing the soil humic acid con tent by ap pli ca tions of commercial humic ac ids, since large amounts are naturally present.
As alternatives to commercial humic ac ids, applications of compost or cover crop ping, in general, can significantly increase soil organic matter and crop yields (Gaskell et al., 2000; Leary and DeFrank, 2000; Roe, 1998; Sainju and Singh, 1997) . Applications of compost or cover cropping can also result in other benefits such as substituting for chem i cal fertilizer (Gaskell et al., 2000; Roe, 1998; Sainju and Singh, 1997) and suppressing nematodes (Ingham et al., 1999) and diseases (Davis et al., 1996; Hoitink et al., 1997) , which enhance their economic efficiency. Some till age methods can also increase soil humic acid content (McCallister and Chien, 2000) .
Chen and Aviad (1990) also suggest 0.5 kg·ha -1 as the minimum amount of foliar applied humic acid necessary to elicit an increase in crop productivity. The only foliar applied product containing humic acid in the present study was Kozgro which supplied a total of 0.03 kg·ha -1 of humic acid. In other studies, humic acid increased yield of water stressed wheat when foliar applied at 0.6 kg·ha -1 (Xudan, 1986) . Yield of extra large tomato was increased at one out of two sites by foliar applied humic acid (Castro et al., 1988) . Foliar application of humic acid to olive increased shoot growth, but did not increase yield or fruit oil content (Fernandez-Escobar et al., 1996) .
For the soil applied products, the products generally supplied N, P, K, S, and Zn in amounts substantially lower than the range recommended for soil application to onions based on soil tests (Table 6, Sullivan et al., 2001) . The exception was Humi-Zyme-RX that supplied sulfur at 31 kg·ha -1 and AgriCalcium supplying calcium at 8.3 kg·ha -1
. In both years, the soil test level for sulfate-S did not indicate a need for sulfate fertilization. The other micronutrients (Mg, Fe, Mn, and Cu) were also supplied in amounts substantially lower than the range recommended for soil application to vegetable crops (Ells, 1993; Martens and Westermann; . All of the foliar applied products, except High Yield, supplied micronutrients in amounts substantially lower than the rec ommend ed rates for foliar application to veg e ta ble crops (Martens and Westermann, 1991; Vitosh et al., 1994) . High Yield supplied zinc within the range recommended for correcting zinc deficiencies in crops via foliar ap pli ca tion (Martens and Westermann, 1991) . Agri-Gro claims to supply N fixing bac te ria and enzymes to the soil. N fertilization was adequate to supply onion N needs in these trials (Sullivan et al., 2001) . Miller (1979a Miller ( , 1979b and McAllister (1987) , term improbable the long-term establishment of introduced ben eficial microorganisms to the soil, due to the huge amounts of microorganisms already present (to a 30 cm depth: 2240 kg·ha -1 of bacteria, actinomycetes and fungi) and to the stable soil ecosystem. Introduced mi cro or gan isms gener al ly do not survive because they are not able to compete with the native strains.
Kelp Treat, tested as one of the products in treatments 2 and 3, is a liquid concentrate of Norwegian kelp. Our results agree with research by Taylor et al. (1990) and Miers and Perry (1986) discussed in the introduction.
Awaken contains ammonium zinc acetate (ACA) and claims to act as a plant growth regulator to improve crop vigor. Results of the few published field tests with ACA have been inconsistent. Spilde (1998) found that wheat yield was increased by seed treatment with ACA. The lack of a response from Awaken in this study is consistent with Christenson and Bricker (1976) who found a lack of response of corn grain yield to ACA application.
In conclusion, the use of the nonconventional additives tested in this trial, under stan dard commercial agricultural prac tic es on the silt loam at the Malheur Ex per i ment Station, did not result in any crop pro duc tion benefit. The low amounts of plant nu tri ents and humic acid supplied by the prod ucts at the rates tested cast doubt on their value in crop production. For plant nutrient sup ple men ta tion, con ven tion al soil or foliar-applied fertilizers should be considered as economical alternatives. For enhancing soil humic acid content and ben e ficial microorganism pop u la tions, compost ap pli ca tions or cover crops should be considered as economical al ter na tives. The possibility still exists that some of the products tested in this study or other prod ucts, applied at dif fer ent rates or with different methods, or applied to poor soils or in other poor environmental conditions, might im prove crop production. Users of nonconventional additives should carefully evaluate the ef fec tive ness of in di vid u al products on small rep li cat ed areas on their own farms before in vest ing in large scale applications. ------------------0.18  2  Humaide  ------------------------------1.20  Agzyme  ---------------------------------Kelp Treat  ----------------------------- 
